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COMPLETE SPECIFICATION 
Purification of Phenol 



.We, The Distillers Company Limited, 
a British Company, of 12, Torphichen Street, 
Edinburgh 3, Scotland, do hereby declare 
the invention, for which we pray that a patent 
imay be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following 
statement: — 

The present invention relates to the purifica- 
tion of phenols and in jparticular to tie puri- 
fication of phenol derived from cumene. 

The production of phenol by the oxidation 
of cumene and the decomposition of the result- 
ing hydroperoxide is well known. The phenol 
produced in this process can be purified by 
conventional methods to a degree which satis- 
fies, the exacting requirements of the British 
Standard Specification and of the U.S. Phar- 
macopeia. However, some samples of 'highly 
purified phenol produced in this way, while 
conforming to these specifications, still con- 
tain impurities which cause the development 
of an undesired colour when die .phenol is 
subjected to chlorination, particularly to the 
mono- and penta-cMor-phenols, or on sul- 
phonation with concentrated sulphuric acid 
These impurities are referred to in this speci- 
fication as " colour forming impurities 

According to the present invention the pro- 
cess for the purification of phenol derived 
from cumene and containing colour forming 
impurities including aliphatic a-hydroxy car- 
bonyl compounds comprises subjecting the 
impure pihenol at an elevated temperature to 
conditions which will cause the substantially 
complete condensation of the aliphatic a- 
ihydroxy carbonyl compounds with phenol lo 
form benzofurans, and separating the phenol 
substantially completely from the benzofurans. 

The invention is based on the discovery 
that the undesired colour which develops when 
the phenol is subjected to chlorination and/or 



sulphonation is at least partially due to the 
presence in the phenol of very small quantities 
of one or more benzofurans, which, under 
chlorination and/or sulphonation conditions 
react to give intensely coloured derivatives. 
It has further been discovered that these 
benzofurans are formed by the condensation 
of .phenol with various precursors including 
aliphatic a-hydroxy carbonyl compounds, i.e. 
compounds of the formula 

Ri — C — CH — R 2 

. 1 !>H 
Ri and R 2 being hydrogen atoms or alkyl 
groups. Such compounds include hydroxy- 
acetone (acetol) and acetyl methyl carbinol 
(acetoin). Thus it is believed that hydroxy- 
acetone condenses with phenol to form 2- 
methyl^benzofuran, while acetoin condenses 
with phenol to form 2,3-dimethylbenzofuran. 
Chlorination and/or sulphonation colour can 
also be caused -by the presence in the phenol 
of condensation products other than benzo- 
furans, which are derived from various pre- 
cursors including aliphatic a-hydroxy carbonyl 
compounds, such as hydroxyacetone and ace- 
toin, as well as compounds suob as diacetyl 
and mesityl oxide. It has been found that 
the conditions which will cause the conversion 
of aliphatic a-hydroxy carbonyl compounds to 
substituted benzofurans also result in the for- 
mation of these other colour-forming con- 
densation .products, and in the conversion of 
the aliphatic a-hydroxy carbonyl compounds 
in part to impurities which are not colour- 
forming. • 

The precursors of these various colour- 
forming and other impurities are difficulty 
separable from phenol by ordinary fractional 
distillation methods; at the temperatures to 
which the phenol is subjected during fractional 
distillation operations, the conversion of the 
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precursors takes place to a certain extent in 
the still itself whilst an appreciable part of 
the precursors distill over with the phenol, 
with the result that the phenol fractions ob- 
' "3 tained are still contaminated. In the process of 
the present invention the precursors are con- 
verted to benzofurans, and other condensation 
products, and *hese are all subsequently separ- 
ated from the phenoL 

10 The starting material for the process of the 
present invention may be crude phenol, pro- 
duced by tjhe decomposition of cumene hydro- 
peroxide, or the phenol which has already been 
purified to a degree which satisfies the require- 

15 ments of the British Standard Specification 
and/or the U.S. Pharmacopeia, but which still 
contains traces of colour-forming impurities 
which cannot be removed' by conventional 
methods and which .may make the phenol un- 

20 suitable for certain applications. It is preferred 
to use as the starting material phenol which 
has been treated, for instance by fractional 
distillation of the washed and/or neutralised 
decomposition reaction product, for the re- 

25 moval of most of the lower boiling materials, 
such as acetone, cumene, and a-methylstyrene 
and/or most of the higher-boiling materials 
such as acetophenone and phenyl dimethyl 
carbinol. The phenol may be -either in the dry 

30 state or it may be diluted with water which 
enables it to be pumped at ordinary tempera- 
tures as a liquid and avoids solidification on 
cold surfaces. 
The treatment of the phenol to convert 

35 any a-hydroxy carbonyl compound present to 
a benzofuran may be carried out by heating 
the phenol in the liquid or vapour phase to 
an elevated temperature, for instance at least 
40° G, and preferably between 100° and 

40 400° C. The process may be carried out in 
the absence of any catalytic agents, or in the 
presence of a catalytically active material such 
as activated alumina; aluminium silicates, such 
as acid- or alkali-treated pumice and porce- 

45 lain; acidic or basic ion-exchange resins; 
mineral acids such as sulphuric acid and phos- 
phoric acid especially in the presence of iron; 
strong organic acids, such as p-toluene sul- 
phonic acid; and surface-active earths such as 

50 montmorillonites, also known as Fullers' 
Earth, bentonite, Florida Earth, and 
attapulgite. 

In the case of the vapour phase heat treat- 
ment according to the process of the inven- 

55 tion, this may be carried out in any suitable 
manner, for instance by passing the vaporised 
phenol through an unpacked tube at the 
desired temperature, but it is preferred to 
carry out the heat treatment in the presence 

60 of a catalytically active material such as those 
set out above. If desired the heat treatment 
may be carried out in the presence of catalytic- 
ally active materials when the lower tempera- 
tures in the range set forth are used, and in 

65 the absence of such materials at the higher 



temperatures. Inert diluents may be used if 
desired. The heat treatment is preferably 
carried out in the temperature range 182° C. 
to 400° C. and at atmospheric pressure. 
Reduced or increased pressures may be em- 70 
ployed if desired, and reduced pressures may 
be particularly suitable where low tempera- 
tures, such as 150°— 182° C. are being used. 

Id the case of the liquid phase heat treat- 
ment according to the process of the inven- 75 
tion, it is preferred to use a surface-active 
earth such as the montmorillonites, also known 
as Fullers' Earths, bentonites, Florida Earths 
and attapulgites. They are preferably used in 
the acid-activated state, although non-acid- 80 
activated earths, or earths which have been 
activated by alkali or -heat-treatment may also 
be used. As examples of such surface-active 
earths available commercially which are acid- 
activated may be mentioned the Fullers' Earths 85 
237 SW, Fulmont 500, Fulmont 711 and 
Fulmont 800 marketed by the Fullers' Earth 
Union Ltd., Redhill, Surrey. The word 
" Fulmont " is a Registered Trade Mark. Also 
•marketed by the Fullers' Earth Union is Ful- 90 
bent 182 an alkali-treated earth or bentonite. 
Surface-active earths which have been acti- 
vated by heat-treatment include Florex XXF 
(a Fullers' Earth) marketed by the Foridin 
Company, U.S.A., Attapulgus 50— 248— 52A 95 
and 50—248 — 52C (attapulgites) marketed by 
the Attapulgus Clay Company, U.S.A. The 
word " Florex " is a Registered Trade Mark. 
Other types of surface-active earths which, 
when acid treated, may be used are kieselguhr, 100 
pumice and talc although these are less effec- 
tive than the montmorillonites. Active char- 
coal is also an effective catalyst in the liquid 
phase heat treatment. Other catalysts effective 
in the liquid phase heat treatment are boron 105 
trifluoride, the metal halides of the Friedel- 
Crafts type and tie sulphates of the same 
metals such as aluminium chloride, ferric 
chloride, nickel chloride, zinc chloride, alu- 
minium sulphate, ferric sulphate and nickel 110 
sulphate. The use of ferric chloride is par- 
ticularly preferred. 

The amount of catalyst used in the liquid 
phase process may be varied between wide 
limits, for instance between 0.1 and 10% 115 
by weight based on the weight of phenoL 
The temperatures which may be used in the 
liquid phase treatment will normally lie in 
die range 40° to 182° C ? that is between 
the melting-point and boiling point of pure 120 
phenol at atmospheric pressure. Higher tem- 
peratures may be used if desired, for instance 
by operating the system under increased pres- 
sures. Reduced pressures may also be used. 
It is preferred to operate between about 100° 125 
and 182° C, at atmospheric pressure. If 
desired the treatment may be carried out in 
the presence of a suitable solvent for phenol 
for instance aromatic hydrocarbons such as 
cumene. The length of time over which the 130 
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treatment may be applied may vary within 
wide limits. Periods of about 5 to 30 minutes 
•have been found to be suitable, but longer 
or shorter periods may be used if desired. In 

5 general the longer times are used with the 
lower temperatures, and vice-versa. The 
liquid phase treatment may be carried out in 
a batcfawise or continuous manner. In the 
former case Che process is preferably carried 

10 out in a well agitated vessel to ensure mixing 
and efficient contacting of the earth with the 
liquid phenol. The treatment may be (repeated 
if desired using a fresh sample of surface- 
active earth, in the case of highly contaminated 

15 phenols. Alternatively, the phenol may be 
made to flow over a fixed or moving bed oi 
the surface-active earth. 

After the phenol <has been subjected to con- 
ditions which will cause the condensation of 

20 the aliphatic ^hydroxy carbonyl compound 
with phenol to form benzofurans, the phenol 
is separated from the benzofurans and from 
the other impurities which have been formed 
at the same time. This may be carried out in 

25 any suitable manner for example by extractive 
distillation in the presence of a suitable sol- 
vent or by neutralisation of the .phenol with 
alkali, followed by extraction of the benzo- 
furans with a solvent or by steam distillation. 

30 It is preferred to subject the phenol to extrac- 
tive distillation in the presence of water, 
whereby the benzofurans are removed as an 
overhead fraction, and tie phenol is removed 
as an intermediate or bottom fraction. The ex- 

35 tractive distillation is preferably carried out in 
a continuous manner, for instance by feeding a 
solution or mixture of the phenol and water 
continuously into a column up which a simila r 
mixture is refluxing, removing the benzo- 

40 furans overhead as an azeotrope with water 
containing not more than a minor proportion 
of the phenol, separating the overhead frac- 
tion into an aqueous phase and! an organic 
phase, (returning part or alt of the aqueous 

45 phase to the still as reflux, withdrawing part 
or all of the organic phase, and removing 
aqueous phenol as an intermediate or bottom 
fraction. The aqueous phenol may be further 
treated, if 'desired, for the recovery of phenol 

50 substantially free from higher boiling materials 
in any suitable manner, preferably by frac- 
tional distillation. In one method the wet 
phenol fraction is first dehydrated, either con- 
tinuously or in a batchwise manner, by dis- 

55 tilling off the water as an azeotrope with 
some of the phenol, and the rest of the phenol 
is then taken off as an overhead fraction leav- 
ing higher boiling materials as residue. In 
an alternative method all of the phenol and 

60 water are removed together as overhead dis- 
tillate. 

The extractive distillation may also be 
carried out by feeding the dry phenol con- 
tinuously into a column up which a mixture 
65 of phenol and water is refluxing, removing 



the benzofurans overhead as a water azeotrope, 
returning substantially all of the water as 
reflux, and withdrawing dry phenol as an 
intermediate or bottom fraction. The dry 
phenol may, if desired, be subjected to a 70 
further fractional distillation step to separate 
it from higher boiling materials. 

The following examples are given* further 
to illustrate the process of the invention. In 
the examples the presence of hydroxy acetone 75 
was ascertained by the preparation of an 
osazone with 2,4-dmitrophenyIhydrazine, and 
2-methylbenzofuran was estimated by gas 
phase chromatography and/or by spectro- 
scopic methods. In the examples colour mea- 80 
surements were made in a Lovibond Tinto- 
meter, using a 1 cm. cell 

Example 1. 

A crude concentrate of 75% cumene 'hydro- 
peroxide, obtained by <he oxidation of cumene 85 
followed by the removal of the unreacted 
hydrocarbons by flash distillation was decom- 
posed in the presence of 0.4% of concentrated 
sulphuric acid at 85° C. The final product 
was neutralised and distilled to give a lower 90 
fraction comprising acetone, water and a 
fraction comprising crude phenol. The phenol 
fraction was found to contain about 0.35% of 
bydroxyacetone. 

The phenol fraction was first subjected to a 95 
process of ihydro^xtractive distillation to re- 
move all water-scrippable material, after 
which it was dehydrated and distilled, the first 
fraction of about 10% being discarded. The 
main phenol fraction passed the B.S.S. sped- 100 
fication for pure phenol, but it was found still 
to contain 0.02% of bydroxyacetone and 1 70 
p.p.m. of 2-methylbenzofuran. On chlorina>- 
tion of a sample of this phenol to the mono- 
chlorphenol an objectionable red colour (70 105 
red Lovibond units) was formed. 

The phenol was then passed in the vapour 
phase over alumina at 360° C. at a rate of 
1 kg/hr/litre catalyst volume. The resulting 
product was found to contain 290 p.pjn. of 110 
2-methylbenzofuran, corresponding to a 
chlorination colour of 290 red Lovibond units, 
but no hydroxyacetone. This product was 
treated for the removal of the 2-methylbenzo- 
furan by a straight forward extractive dk- 115 
filiation step in the presence of water, by 
refluxing the phenol through a 40^-plate Older- 
shaw column with 20% by weight of water, 
followed by dehydration and distillation. The 
so-treated phenol had a chlorination colour 120 
of 0.5 red Lovibond units. 

Example 2. 
A crude concentrate of 75% cumene hydro- 
peroxide, obtained from the oxidation of 
cumene followed by the removal of the un- 125 
reacted hydrocarbons by flash distillation, was 
decomposed as. described in Example 1, and 
the product was distilled to give a crude 
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phenol fraction, containing about 0.3 6% 
hydroxyacetone, but less than 1 pjp.m. of 2- 
raethyWjenzofuran. 
After standing for several months in metal 

5 containers the phenol fraction was found to 
contain about 300 p.p.m. of 2-methyl-benzo- 
«furan 3 and to -have a chlorination colour of 
300 red Lovibond units. This phenol was 
treated by passing over a Fullers' Earth (Grade 

10 3H2, marketed by the Fullers' Earth Union 
limited) in the vapour phase at 190—194° 
C. The product contained over 1000 p.p.m. of 
2-methyI-benzofuran 3 which was then re- 
moved by extractive distillation in the pre- 

15 sence of water as described in Example 1. 
After dehydration and distillation the final 
product -had a chlorination colour of 0.1 red 
Lovibond units. 

Example 3- 

?0 A sample of phenol obtained by; the oxida- 
tion of curnene and the decomposition of the 
resulting hydroperoxide, was extractively dis- 
tilled in the presence of water, dehydrated 
and distilled to give a product which had an 

25 intense red colour on sulphonation (absorbing 
at 5040 A) which was not due to the presence 
of either hydroxyacetone m (5140 A) or 2- 
merhyi-benzofuran (4860 A). 

A sample of this phenol was treated by a 

30 process for converting 'hydroxyacetone into 2- 
methyl-benzofuran, by vapour phase heat- 
treatment over a Fullers' Earth catalyst (Grade 
249SW, Fullers' Earth Union Limited) at 
192 — 194° and was subsequently subjected to 

35 extractive distillation in the presence of water 
followed by fractionation. On sulphonation of 
the resulting phenol, the product had; a colour 
which was ten times less intense than the 
original sulphonation colour, and was no 
longer objectionable. 

Example 4. 
A sample of .phenol, produced by the de- 
composition of cumene hydroperoxide, was 

.11 found to have a Lovibond colour index, on 

45 chlorination under standard conditions to the 
monochlorphenol stage, of 72 red units. 
The phenol was vapourised into a glass tube 
containing a prehearing section packed with 
porcelain beads and a reacting section packed 

50 with 225 mis. of 8—20 mesh alwnina, which 
had been pre-treated by heating to 900° C. 
for 7 hours. The phenol was fed in at a rate 
of 90 to 110 g./hr. and the alumina-packed 
section of the tube was kept at 360—370° C. 

55 The heat treated phenol was a dark brown 
colour and on chlorination to the monochlor- 
phenol stage was found to have a Lovibond 
colour index of about 140 red units. Thus the 
heat treatment alone increased the amount 

60 of colour by a factor of about 2. 

The heat treated phenol (2000 g.) was re- 
fluxed up a 40^plate Oldershaw column with 
500 g. of water to attain equilibrium on the 



plates, and then a two-phase fraction amount- 
ing to 40 g. was slowly distilled out. The 65 
kettle contents were then dehydrated by dis- 
tillation of Che water-phenol azeotrope up a 
15-plate Oldershaw column, after which the 
dried phenol was distilled off overhead leav- 
ing higher boiling materials in the kettle. On 70 
chlorination this phenol had a Lovibond 
colour index of 0.4 red units. 

Thus, the combined steps of heat treatment 
over alumina at 350 — 370° C, hydro-extrac- 
tive distillation^ and recovery of the phenol 75 
from higher boiling materials, lowered the red 
colour by a factor of 180. 

Example 5. 

A further sample of the phenol used in 
Example 4 which 'had a Lovibond colour index 80 
on chlorination of 72 red units, was diluted 
with one quarter of its weight of water and 
heat treated in apparatus similar to that des- 
cribed in Example 4, the. alumina packed sec- 
tion of the tube being kept at 360—370° C. 85 
and the feed rate being 80 g./hr. The heat- 
treated aqueous phenol was a dark green 
fluorescent liquid. This phenol was subjected 
to a hydro-extractive distillation, dehydration 
and distillation as described in Example 4. 90 

On chlorination the final product phenol 
had a Lovibond colour index of less than 0.1 
red units. 

Thus, heat treatment of phenol in the pre- 
sence of steam over alumina at 360—370° C. 95 
followed by hydro-extractive distillation, de- 
hydration and distillation lowered the red 
colour by a factor of over 700. 

Example 6. 

A further sample of the phenol used in 100 
Example 4 was passed through the heat treat- 
ment apparatus of Example 4 at a rate of 80 
to 120 g./hr. and at a temperature of 230° 
C. This phenol was then refluxed in a 50- 
plate column with 20% of added water, the 105 
aqueous distillate being -returned continuously, 
but the oil phase of the distillate being re- 
tained in a trap at the top of the column. 
Subsequently, the wet phenol was dehydrated 
in the same column by the removal of both 110 
the aqueous and oil distillates. The head of 
the column was then changed to enable the 
phenol to be taken off overhead, and the 
phenol was finally distilled over at a very low 
reflux ratio. 115 

The final pure phenol on chlorination had 
a Lovibond colour index of less than 0.1 red 
units. 

Example 7. 

A sample of cumene-process phenol which 120 
had a chlorination colour index of 72 red 
units, was heat treated in apparatus similar 
to that described in Example 5 packed entirely 
with plain porcelain beads at a temperature 
of 260—290° C. The phenol was fed in at 125 
a rate of 200 g./hr. The heat treated phenol 
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was submitted to hydro-extractive distillation, 
dehydration and distillation as described in 
Example 4, and on chlorinatian this phenol 
had a Lovibond colour index of 2.5 red units. 
5 By way of comparison with this example, 
when a sample of the same phenol was sub- 
mitted to the same treatment but omitting 
the heat treatment step, the product had a 
colour index of 16 red units. 

10 Example 8. 

A further sample of the phenol used in 
Example 7 was passed through 1.8 litres of 
Grade 3H 2 , 8 — 20 mesh, acid activated 
Fullers' Earth at a rate of approximately 600 

15 g./hr. and an average temperature of 195° C. 
After working up by 'hydro-extractive dis- 
tillation, dehydration and distillation as des- 
cribed in Example 4, this phenol 'had a 
chlorination colour index of less than 0.5 red 

20 units. 

Example 9. 
A sample of phenol, produced by the de- 
composition of cumene hydroperoxide, was 
found to have a colour index on chlorination 

25 under standard conditions to the monochlor- 
phenol stage, of 72 red units, and a colour 
index on suiphonation under standard con- 
ditions of 80 red units. The phenol was shaken 
at the boiling point (182° C.) with 5% by 

30 weigjht of an add Fullers' Earth (Grade SW 
237) for ten minutes. The Fullers' Earth was 
filtered off and the filtered phenol was re- 
fluxed through a 40-plate Oldershaw column 
with 20% by weight of water after which a 

35 small quantity of distillate was taken off at 
a high reflux ratio. The aqueous phenol ob- 
tained from the base of this column was de- 
hydrated by distillation of the water/phenol 
azeotrope through a 20^plate Oldershaw 

40 column, after which the dried phenol was 
distilled off overhead leaving the higher boil- 
ing materials in the kettle. On chlorination 
under tie standard conditions to the mono- 
chlorphenol stage, this phenol had a colour 

45 index of 0.5 red units, and on suiphonation 
under the standard conditions a colour index 
of 2.8 red units. 

Example 10. 
The process described in Example 9 was 
50 repeated using an alkaline Fullers' Earth (FuL 
bent 182). The product phenol had a chlorina- 
tion colour index of 1 red unit, and a sul- 
phonation colour index of 4.3 red units. 

Example 11. 

55 The process described in Example 9 was 
repeated on a different sample of phenol pro- 
duced by the decomposition of cumene hydro- 
peroxide. The untreated phenol had a chlorin- 
ation colour index of 16 red units. After 

60 treatment according to the process of the 
present invention the chlorination colour index 
of the phenol was 0.2 red units. 



Example 12. 
The process described in Example 9 was 
repeated on the same sample of phenol, except 65 
that the phenol was contacted with the Fullers' 
Earth at a temperature of 45 — 50° C, and 
for a period of 30 minutes. After this treat- 
ment the phenol was subjected to hydro- 
extractive distillation, dehydration and distil- 70 
iation as described in Example 9. The chlorin- 
ation colour index of the final product was 
6.4 red units. 

Example 13. 
A crude phenol produced by the decomposi- 75 
tion of cumene hydroperoxide, and containing 
about 3.4% of hydrocarbons, mainly cumene 
and a-methylstyrene, when purified by extrac- 
tive distillation followed by dehydration and 
distillation only, had a chlorination colour 80 
index of 15 red units. A sample of this crude 
phenol was refluxed at 155° C. for ten minutes 
with 5% by weight of an acid 1 Fullers' Earth 
(Grade SW 237). The phenol was then sub- 
jected to hydro-extractive distillation, de- 85 
hydration and distillation as described in 
Example 9. The final product phenol had a 
chlorination colour index of about one red 
unit. 

Example 14. 90 
A phenol prepared by the cleavage of 
cumene hydroperoxide in methyl ethyl ketone 
as solvent was found to contain 6130 p.pjn. 
of acetyl methyl carbinol (acetoin), and on 
chlorination to the monochlorphenol stage had 95 
a Lovibond colour index of 230 red units. 

After refluxing this phenol with 5% by 
weight of Fullers' Earth for 30 minutes, the 
treated phenol was found to contain 2600 
p-p.m. of 2,3-dknerhyl benzofuran, identified 100 
by its peak on a gas phase chromatogram, its 
mass spectrum and its spectral characteristics 
in the U.V. and I.R. On chlorination to the 
mono-chlorphenol stage the treated phenol had 
a Lovibond colour index of 1550 red units. 105 

After being submitted to an extractive dis- 
tillation in the presence of water the phenol 
was found to contain substantially no benzo- 
furan, and after a further distillation step the 
distillate gave substantially no red colour 110 
on chlorination. 

Example 15. 
A sample of phenol produced by the decom- 
position of cumene hydroperoxide, when 
chlorinated to the monochloro stage, had a 115 
red colour of about 92 red Lovibond units. 
The phenol was refluxed for 30 minutes at 
atmospheric pressure with 5% by weight of 
an acid Fullers* Earth (Grade 237 SW). The 
earth was then filtered off from the phenol. A 120 
sample of the treated phenol was chlorinated 
to the monochloro stage, when a red colour 
developed having a Lovibond colour index of 
1140 red units. 18% by weight of water and 
1% by weight of cumene were added to the 125 
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treated phenol, and the mixture was sub- 
jected to a continuous extractive distillation 
in a 45 tray glass Oldershaw column, the head 
temperature being maintained at 98 — 99° C. 

5 and the kettle temperature at 105 — 106° C, 
the feed tray being 30 trays above the kettle. 
The -head product was condensed, when it 
separated into two layers. The upper (hydro- 
carbon) layer was removed as product and the 

10 lower (aqueous) layer was returned as reflux 
to the column. A sample of the kettle product 
was collected and dehydrated and distilled by 
batch distillation in a 15 tray glass Oldershaw 
column. The main dry phenol fraction had a 

15 red colour after chlorination to the mono- 
chlorphenol stage having a Lovibond colour 
index of less than 1 red unit. 

Example 16.' 
A sample of crude phenol, as used in 

20 Example 13, was passed in the vapour phase 
at a rate of 200 millilitres (liquid)/hour over 
425 millilitres of granular alumina in a glass 
tube heated to 205—210° C. The condensed 
product was diluted with 18% by weight of 

25 water and given a continuous hydroextractive 
distillation followed by a batch dehydration 
and distillation as in Example 15. The main 
dry phenol fraction had a red colour after 
chlorination to the monochloro stage of 

30 approximately 2 red Lovibond units. 

Example 17. 
A sample of crude phenol, as used in 
Example 13, was pumped at a rate of 200 
millilitres per hour in the liquid phase through 

35 a steel tower containing 250 .millilitres of 
silica/alumina cracking catalyst maintained 
at 190° C, a relief valve on the exit being 
set at 80 p.s.i.g. to maintain the phenol in 
the liquid phase. The heat treated product 

40 was diluted with 18% of water and given a 
continuous extractive distillation, followed by 
a batch dehydration and distillation as in 
Example 15. The main dry phenol traction 
had only a weak red colour when chlorinated 

45 under standard conditions to the monochloro 
stage, equivalent to about 0.6 red Lovibond 
units. 

By way of comparison with the above 
examples the following experiments are given 
50 to illustrate the effect of heat treatment and 
hydro-extractive distillation carried out 
separately. 

EXPERIMENT A. 

A further sample of the phenol used in 
55 Example 4 was diluted with 20% of its weight 
of water. This enabled it to be handled as a 
liquid at ordinary temperatures, and it was 
heat treated in the apparatus described in 
Example 4, the feed rate being 80 g./hr. and 
60 the alumina packed section of the tube being 
kept at 360—270° C. The heat treated phenol 
was a dark green fluorescent liquid, and after 
dehydration and distillation (i.e. with no 



hydro-extractive distillation) the distilled 
phenol was colourless, but had a chlorination 65 
colour of 52 red Lovibond units. 

Thus, heat treatment followed by distillation 
reduced the red colour by a factor of 1.4 only. 

EXPERIMENT B. 

A further sample of the phenol used in 70 
Example 4 (2000 g.) was renuxed up a 40- 
plate Oldershaw column with 500 g. of water 
for 20 hours to attain equilibrium on the 
plates, and then a two-phase fraction amount 
to 40 g. was slowly distilled out The kettle 75 
contents were then dehydrated by distillation 
of the water/phenol azeotrope up a 15-plate 
Oldershaw column, followed by a distillation 
of the dried phenol overhead. 

On chlorination this phenol had a Lovibond 80 
colour index of 16 red units. Thus the step of 
hydroextractive distillation not preceded by 
heat treatment lowered the red colour by a 
factor of only 4.5. 

EXPERIMENT C. 85 

A sample of the phenol used in Example 
9 was renuxed at 182° C. with 5% by weight 
of Fullers' Earth (Grade SW 237) for ten 
rninutes. The Fullers' Earth was filtered off, 
and the phenol was then fractionated at 90 
atmospheric pressure in a 40-plate Oldershaw 
column. After 40% of the phenol had been 
distilled off overhead, the chlorination colour 
index of the distillate then distilling was 64 
red units. 95 

EXPERIMENT D. 

A sample of phenol derived from the oxi- 
dation of cumene and the decomposition of 
the resulting hydroperoxide, was subjected to 
extractive distillation in the presence of water 100 
followed by fractionation, and was found to 
contain 0.02% of hydroxyacetone and 70 
p.p.m. of 2-methyl-benzofuran. This sample 
was subjected to a further purification by ex- 
tractive distillation in the presence of water 105 
followed by fractional distillation. The dis- 
tilled phenol still contained 10 p.p.m. of 2- 
methyf-benzofuran. After storing at 60° C. 
in a mild steel vessel in the presence of 0.01% 
of phosphoric acid for 1 month, the amount 110 
of 2-methyl-benzofuran had increased to 90 
p.p.m. 

Example 18. 
Cumene was oxidised to the hydroperoxide 
and the hydroperoxide was subjected to acid H5 
cleavage. The acid catalyst in the cleavage 
mixture was neutralised and the mixture was 
separated from the products of the neutralisa- 
tion reaction. The neutralised cleavage mix- 
ture was subjected to fractional distillation in 120 
a series of columns. In the first column ace- 
tone was taken off overhead, leaving as 
bottoms product a mixture of phenol, some 
cumene and a-methyl styrene, and 'high boil- 
ing material composed primarily of aceto- 125 
phenone, dimethyl-phenyl carbinol and cumyl 
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phenol. This bottoms product was separated 
in the next column into an overhead crude 
phenol fraction and a high boiling residue. 
The crude phenol fraction was then subjected 

5 to steam distillation in a third column to re- 
move overhead azeotropes of water with a- 
. methyl styrene and cumene, and leave a crude 
phenol bottoms product This product was 
then stored in a steel container. 

10 Hie stored phenol contained 41 parts per 
million of 2~methylbenzoruran 3 as determined 
by ultra violet analysis, and' to k was added 
0.5% by weight of ferric chloride. The result- 
ing mixture had a pH of 2.8 and was main- 

15 rained at 120° C. for 70 hours, after which 
the content of 2-methylbenzofuran was 268 
p4>.m. 

A sample of the treated phenol was separ- 
ated into two portions, one of which was sub- 

20 jected to ordinary batch distillation, with the 
charge being added to the steel pot. The other 
portion was fractionally steam distilled using a 
modified inverted batch still technique, in 
which distilled water was charged to tibe still 

25 pot and -brought to reflux, and then the treated 
phenol was pumped continuously into the top 
of the still while maintaining water reflux. 
Thus, ai of the phenol was contacted with 
steam as it flowed down and across all of the 

30 trays of die column. After all the charge had 
been added, distillation was carried out in the 
normal manner. 

A phenol obtained from each distillation was 
chlorinated to the mono-chlorphenol stage. 

SI The phenol from ordinary distillation had a 
colour of about 120 red Lovibond units, 
whereas that from the steam distillation con- 
tained 8 pjp.m. of 2-methylbenzofuran and 
had a colour of about 3 red Lovibond units- 
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Example 19. 
A neutralised cumene hydroperoxide cleav- 
age mixture was distilled as in Example 18 
to obtain an acetone fraction and an overhead 
crude phenol fraction. The crude phenol frac- 
tion was contacted with 1.5% of aluminium 
chloride for 0.5 hours at 150° C. After steam 
distilling as shown in Example 18, the dis- 
tilled phenol on chlorination exhibited satis- 
factory colour. 

Example 20. 

To a sample of a stored phenol such as 
that used in Example 1 were added 0.5% of 
nickel chloride and sufficient hydro chloric acid 
to bring the pH of the mixture to 2.0. The 
rnixture was heated at 120° C. for 91 hours, 
at which time the 2-methyl benzofuran con- 
tent was 178 pjp.m. After steam distillation as 
described in Example 18 the distilled product 
contained 10 p.pjn. of 2-methylbenzofuran 
and gave a cMorination colour of about 6 red 
Lovibond units. 

Substitution of 0.05% by weight of nickel 
sulphate for the nickel chloride gave a treated 
product containing 171 p.p.m. of methyl 



benzofuran. After steam distillation the dis- 65 
tilled product contained 10 p.pjn. of 2- 
methylbenzofuran and had a chlorination 
colour of about 6 red Lovibond units. 
WHAT WE CLAIM IS: — 

1. The process for the purification of phenol 70 
derived from cumene and containing colour 
forrning impurities including aliphatic a- 
hydroxy carbonyl compounds which comprises 
subjecting the impure phenol at an elevated 
temperature to conditions which will cause 75 
the substantially complete condensation of die 
aliphatic a-hydroxy carbonyl compounds with 
phenol to form benzofurans, and separating 

the phenol substantially completely from the 
benzofurans. go 

2. The process as claimed in Cl aim 1 
wherein the starting material is phenol which 
has been created^ by fractional distillation of 
the washed and/or neutralised cumene hydro- 
peroxide decomposition reaction product^ for $5 
the removal' of substantially all of the lower 
and 'higher boiling materials. 

3. The process as claimed in either of the 
preceding claims wherein the conditions com- 
prise heating the impure phenol to an ele- 90 
vated temperature in the liquid or vapour 
phase. 

4. The process as claimed in Claim 3 
wherein the impure phenol is heated to a 
temperature between 100° and 400° C. 95 

5. The process as dairned in Claim 3 
wherein the impure pihenol is heated in the 
presence of a condensation catalyst. 

6. The process as claimed in Claim 5 
wherein the catalyst is activated alumina, an 100 
d uminium silicate, an acidic or 'basic ion- 
exchange resin, a mineral acid, a strong 
organic acid, or a surface-active earth. 

7. The process as claimed in Claim 5 
wherein the catalyst is iron and sulphuric acid 105 
or phosphoric acid. 

8. The process as claimed in Claim 5 
wherein the impure phenol is heated in the 
liquid phase in the presence of a montmoril- 
lonite earth. no 

9. The process as claimed in Claim 8 
wherein the impure phenol is heated to a 
temperature between 100° and 182° C. at 
atmospheric pressure. 

10. The process as claimed in any of the 113 
■preceding claims wherein the impure phenol 

is separated from the benzofurans byextractive 
distillation in die .presence of water to remove 
the benzofurans as an overhead fraction and 
the purified phenol as an intermediate or 120 
bottom fraction. 

11. The process as claimed in Claim 10 
wherein the extractive distillation is carried 
out in a continuous manner. 

12. The process as claimed in Claim 10 125 
wherein the 'benzofurans are removed overhead 

as an azeo trope with water containing not 
more than a minor proportion of the phenol, 
the overhead fraction is separated into an 
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aqueous phase and an organic phase, part or 
all of the aqueous phase is returned to die still 
as reflux, part or all of the organic phase is 
withdrawn, and aqueous phenol is removed 

5 as an intermediate or bottom fraction. 

13. The process as claimed in Claim 12 
wherein the aqueous phenol is fractionally dis- 
tilled to recover dry phenol free from higher 
boiling materials. 

10 14. The process as claimed in Claim 10 
wherein $he extractive distillation is carried 
out by feeding the dry phenol continuously 
into a column up which a mixture of phenol 
and water is refluxing, removing the benzo- 

15 furans overhead as a water azeotrope, return- 
ing substantially all of the water to the column 
as reflux, and withdrawing dry phenol as an 
intermediate or bottom fraction. 

15. The process as claimed in Claim 14 
20 wherein the dry phenol is subsequently sub- 
jected to a further fractional distillation step 
to separate it from 'higher boiling materials. 

16. The process for the purification of 
phenol derived from cumene and con- 

25 taining colour forming impurities which com- 
prises heating the impure phenol ro an ele- 
vated temperature in the liquid or vapour 
phase to cause the substantially complete 



condensation of the colour forming impuri- 
ties with phenol, and separating the phenol 30 
from the condensation products by extractive 
distillation in the presence of water to re- 
move the condensation products as an over- 
head fraction and the phenol as a separate 
fraction. 35 

17. The process as claimed in Claim 16 
wherein the impure phenol is heated in the 
presence of a condensation catalyst. 

18. The process for the purification of 
phenol substantially as described in the 40 
examples. 

19. Phenol when produced by a process 
claimed in any of the preceding claims. 

20. The process as claimed in Claim 5 
wherein the impure phenol is heated 1 in the 45 
liquid phase in die presence as catalyst of a 
metal' halide of the Friedel-Crafts type or a 
sulphate of the same metals. 

21. The process as claimed in Claim 20 
wherein the catalyst is ferric chloride. 50 

22. The process as claimed in Claims 3 
or 4 wherein the impure phenol is heated in 
the liquid phase under superatmospheric pres- 
sure in the absence of a catalyst. 

JOHN HARRY, 
Agent for the Applicants. 
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55 We, The Distillers Company Limited, 
a British Company, of 12, Torphichen Street, 
Edinburgh 3, Scotland, do hereby declare 
this invention to be described in the following 
statement : — 

60 The present inventiort relates to the puri- 
fication of phenols and in particular to the 
purification of phenols derived from cumene. 

The production of phenol by the oxidation 
of cumene and the decomposition of the 

#5 resulting hydroperoxide is well known. The 
phenol produced in this process can be puri- 
fied by conventional methods to a degree 
which satisfies the exacting requirements of 
the British Standard Specification and of the 

70 U.S. Pharmacopeia. However, some samples 
of phenol produced in this way, while con- 
forming to these specifications, still contain 
impurities which render them unsuitable for 
certain purposes. For instance, it has been 

75 found that some samples of -highly purified 
phenol give an undesirable colour when sub- 
jected to chlorination; particularly to the 
mono- and penta-chlorphenols. Another im- 
portant application of phenol is in the manu- 

80 facture of synthetic tannins, which involves 
the sulphonarion of the phenol, and it has 
been found that some samples of highly puri- 
fied phenol give an -undesirable colour when 
subjected to sulphonation, which makes them 

85 unsuitable for such application. 



Various methods -have been used in 
attempts to remove from the phenol con- 
taminants such as those which cause colour 
formation on chlorination and/or sulphona- 
rion. Fractional distillation of the phenol usu- 90 
ally results in some improvement, but the 
phenol still gives sufficient colour on chlorina- 
tion and/or sulphonation to render it un- 
suitable for these uses. Similarly, hydro- 
extractive distillation of the phenol followed 95 
by fractional distillation does not always re- 
move all of the colour-producing impurities. 
Other methods which have been tried include 
heat treatment of the phenol, for instance at 
300° to 350° C, but this has been found to 100 
result in substantially increased colour forma- 
tion when the phenol is subsequently chlorin- 
ated.^ If the heat treatment is followed by a 
fractional distillation step some purification 
is achieved but the phenol still gives suffi- 105 
cient colour on chlorination and/or sulphona- 
tion to render it unsuitable for applications 
involving ^ such treatments. 

According to the present invention the pro- 
cess for the purification of phenol produced 110 
by the decomposition of cumene hydro- 
peroxide comprises subjecting the phenol to 
heat treatment in the vapour phase at tem- 
peratures in the range 150° — 400° C.j separ- 
ating, by distilling the heat-treated phenol 115 
in the presence of water, an overhead frac- 
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tion containing materials boiling below the 
boiling point of the phenol/water azeotrope, 
and an aqueous phenol fraction; and! recover- 
ing from the aqueous phenol fraction phenol 

5 substantially free from' materials boiling higher 
than the phenol/water azeotrope. 

The starting material for the process of the 
present invention may he crude phenol, pro- 
duced by the decomposition of cumene hydro- 

10 peroxide, or the phenol which has already 
been purified to a degree which satisfies the 
requirements of the British Standard Specifi- 
cation and/or the U.S. Pharmacopeia, but 
which still contains trace impurities which 

15 cannot be removed by prior art methods. It 
is preferred to use as the starting material 
phenol which has been treated, for instance 
by fractional distillation of the washed and 
neutralised decomposition reaction product, 

20 for the removal of most of the lower boiling 
materials, such as acetone, cumene, and a- 
methyl-styrene, and/or most of the higher- 
boiling materials such as acetophenone and 
phenykiimethyl carbinol. The phenol sub- 

25 mitted to the heat treatment may be either 
in the dry state or it may be diluted with 
water, which enables it to be pumped at 
ordinary temperatures as a liquid and avoids 
solidification on cold surfaces. 

30 The vapour phase heat treatment accord- 
ing to the process of the invention may be 
carried out in any suitable (manner, for in- 
stance by passing the vaporised phenol through 
an unpacked tube at the desired temperature. 

35 In a preferred embodiment, however, the 
heat treatment is carried out in the presence 
of a catalytically active material such as acti- 
vated alumina, acid^treated! pumice, acidic 
surface active clays, for instance Fullers' 

40 Earth, acidic ion^exchange resins, and the like. 
If desired the heat treatment may be carried 
out in the presence of catalytically active 
materials when the lower temperatures in the 
range set forth are used, and in the absence 

45 of such materials at tie higher temperatures. 
The heat treatment is preferably carried out 
in the temperature range 180° to 400° C. and 
at atmospheric pressure. Reduced or increased 
pressures may be employed if desired, and 

50 reduced pressures may be particularly suitable 
where low temperatures, such as 150° — 180° 
C, are being used. 

The separation, by distillation of the heat- 
treated phenol in the„presenee of water, of an 

55 overhead fraction may be carried out in any 
suitable manner, for instance by mixing with 
the phenol sufficient water to enable the mix- 
ture or solution to be refluxed in a kettle 
under an efficient distillation' column with the 

60 kettle temperature below that at which phenol 
boils at the prevailing pressure, i.e. within the 
range 100° — 180° at 760 mm., taking off an 
overhead fraction containing materials boiling 
below the boiling point of the phenol/water 
65 azeotrope and withdrawing aqueous phenol 



from the kettle. Alternatively, a solution or 
mixture of water and phenol may be fed con- 
tinuously into a column up which a similar 
mixture or solution is refluxing, and portions 
withdrawn .from the reflux and from the lower 70 
part of the column in such a manner as to 
keep the overall volume of liquid! in the 
column constant and to remove at the head 
any stjeam^volatile impurities. 

The aqueous phenol remaining after separa- 75 
tion of the overhead fraction may be treated 
for the recovery of phenol substantially free 
from' higher boiling materials in any suitable 
manner, for instance by distillation, fractional 
crystallisation or adsorption methods. How- 80 
ever it is preferred to recover the phenol by 
fractional distillation. Preferably the wet 
phenol fraction is first dehydrated: either con- 
tinuously or in a batchwise manner, by dis- 
tilling off the water as an azeotrope with 85 
some of the phenol, and the rest of the phenol 
is then taken off as an overhead fraction leav- 
ing higher boiling materials as residue. In 
an alternative method all of the phenol and 
water are removed together as overhead dis- 90 
tillare. 

The following examples are given further 
to illustrate the process of the (present 
invention. 

Example 1. 95 

A sample of phenol, produced by the de- 
composition of cumene hydroperoxide, was 
found to -have a Lovibond colour index, on 
chlorination under standard conditions to the 
monochlorphenol stage, of 72 red units. The 100 
phenol was vapourised into a glass tube con- 
taining a pre-heating section packed with por- 
celain' beads and a reacting section packed 
with 225 mis. of 8 — 20 mesh alumina, pre- 
heated by heating to 900° C. for 7 hours. 105 
The phenol was fed in at a rate of 90 to 
110 g./hr. and the alumina-packed section 
of the tube was kept at 360 — 370° C. 

The heat treated phenol was a dark brown 
colour and on chlorination to the monochlor- 110 
phenol stage was found to have a Lovibond 
colour index of about 140 red units. Thus 
the heat treatment alone increased the amount 
of colour by a factor of about 2. 

The heat treated phenol (2000 g.) was re- 115 
fluxed up a 40-plate Oldershaw column with 
500 g. of water for 20 hours to attain equili- 
brium on the plates, and then a two-phase 
fraction amounting to 40 g. wast slowly dis- 
tilled out. The kettle contents were then de- 120 
hydrated by distillation of the water-phenol 
azeotrope up a 15-plate Oldershaw column, 
after which the dried phenol was distilled off 
overhead leaving higher boiling materials in 
the kettle. On chlorination this phenol 'had a 125 
Lovibond colour index of 0.4 red and 0.04 
yellow units. 

Thus, the combined steps of heat treatment 
over alumina at 360—370° C, hydro-extxac- 
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tive distillation, and recovery of rhe phenol 
from higher boiling materials, lowered the red 
colour by a factor of 180. 

Example 2. 

5' The process of Example 1 was repeated 
on a sample of another batch of phenol pro- 
duced in the same way, which had an initial 
chlorination colour index of 72 red, and 4.0 
yellow Lovibond units. The phenol was heat 

ID treated in the same apparatus as described in 
Example 1 3 the feed rate being 30 g./hr. and 
the alumina-packed section of the tube being 
kept at 350° C. After heat treatment the 
phenol had a chlorination colour of 215 red 

15 and 0.0 yellow units. The heat treated phenol 
was submitted to a hydro-extractive distilla- 
tion, dehydration and distillation as described 
in Example 1. On chlorination this phenol 
• - . had a Lovibond colour index of 0.5 red and 

20 0.1 yellow units. 

Example 3. 
A further sample of the phenol used- in 
. Example 2 was submitted to the process des- 
* cribed in Example 2, the heat treatment bang 
2S carried out at 320° C. and at a feed rate of 
190 g./hr. After the heat treatment the phenol 
had a chlorination colour index of 280 red 
and 0.0 yellow units. After hydro-extractive 
_ distillation, dehydration and distillation as 
SO* described in Example 1, the phenol had' a 
chlorination colour index of 1.3 red and 0.4 
yellow units. 

Example 4. 
A further sample of the phenol used in 
35 Example 1, which had a Lovibond colour 
index on chlorination of 72 red units, was 
diluted with one quarter of its weight of water 
. and heat treated in apparatus similar to that 
described in Example 1, the alumina packed 
40 section of the tube being kept at 360—370° 
C and the feed rate being 80 g./hr. The heat- 
treated aqueous phenol was a dark green 
. fluorescent liquid. This phenol was subjected 
to a hydro-extractive distillation, dehydration 
45 and distillation as described in Example 1. 
On chlorination the final product phenol 
had a Lovibond colour index of less than 0.1 
red units. 

Thus, heat treatment of phenol in the pre- 
50 sence of steam over alumina at 360—370° C. 
followed by hydro-extractive distillation, de- 
hydration and distillation lowered the red 
colour by a factor of over 700. 

Example 5. 

55 A further sample of the phenol used in 
Example 1 was passed through the heat treat- 
ment apparatus of Example 1 at a rate of 
80 to 120 g./hr. and at a temperature of 
230° C. This phenol was then refluxed for 

60 17 hours in a 50-plate column with 20% of 
added water, the aqueous distillate being re- 



turned continuously, but the oil phase of the 
distillate being retained in a trap at the top 
of the column. Subsequently, the wet phenol 
was dehydrated in the same column by the 65 
removal of both the aqueous and oil distillates. 
The head of the column was then changed 
to enable the phenol to be taken off overhead, 
and the phenol was finally distilled over at a 
very low reflux ratio. 70 

The final pure phenol on chlorination had 
a Lovibond colour index of less than 0.1 red 
units. 

Example 6. 

A further sample of the phenol used in 75 
Example 2, which had a chlorination colour 
index of 72 red and 4.0 yellow units, was 
heat treated in apparatus similar to that des- 
cribed in Example 1, packed entirely with 
plain porcelain beads at a temperature of 80 
260—290° C. The phenol was fed in at a 
rate of 200 g./hr. The heat treated phenol 
was submitted to hydro-extractive distillation, 
dehydration and distillation as described in 
Example 1, and on cMorination this phenol 85 
had a Lovibond colour index of 2.5 red and 
0.1 yellow units. 

By way of comparison with this example, 
when- a sample of the same phenol was sub- 
mitted to the same treatment but omitting 90 
the heat treatment step, the product had a 
colour index of 16 red units. 

Example 7. 

A further sample of the phenol used in 
Example 2 was passed through 1.8 litres of 95 
Grade 3H C , 8 — 20 mesh, acid activated 
Fullers' Earth at a irate of approximately 600 
g./hr. and an average temperature of 195° C. 

After working up by hydro-extractive dis- 
tillation, dehydration and distillation as des- 100 
cribed in Example 1, this phenol had a 
chlorination colour index of less than 0.5 red 
and 0.1 yellow units. 

By way of comparison with the above 
examples the following experiments are given 105 
to illustrate the effect of heat treatment and 
hydro-extractive distillation carried out separ- 
ately. 

EXPERIMENT A. 

A further sample of the phenol used in 110 
Example 1 was diluted with 20% of its 
weight of water. This enabled it to be handled 
as a liquid at ordinary temperatures^ and it 
was heat treated in the apparatus described 
in Example 1, the feed rate being 80 g./hr. 115 
and the alumina packed section of the tube 
being kept at 360—370° C. The heat-treated 
phenol was a dark green fluorescent liquid, 
and after dehydration and distillation (i.e. 
with no hydro-extractive distillation) the dis- 120 
tilled phenol was colorless, but had a chlorina- 
tion colour of 52 red Lovibond units. 

Thus, heat treatment followed by distilla- 
tion reduced the red colour by a factor of 1.4 
only. * 125 
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EXPERIMENT B. 

A further sample of the phenol used in 
Example 1 (2000 g.) was refluxed up a 40- 
plate Oldershaw column with 500 .g. of water 

5 for 20 hours to attain equilibrium on the 
plates, and then a two-phase ■fraction amount- 
ing to 40 g. was slowly distilled out The 
kettle contents were then dehydrated by dis- 
tillation of the water/phenol azeotrope up a 

10 15-plate Oldershaw column, followed by a 
distillation of the dried phenol overhead. 

On cMorination this phenol had a Lovibond 
colour index of 16 red and 1.5 yellow units. 



Thus the step of hydro-extractive distillation 
not preceded by heat treatment lowered the 15 
red colour by a factor of only 4.5. 

When- the process of Experiment B was 
repeated on the phenol used in Example 2 
the chlorination colour of the dehydrated 
phenol was 32 red and 2.0 yellow units. After 20 
the dehydrated phenol had been distilled to 
remove an overhead phenol fraction, the latter 
had a chlorination colour of 8 red and 0.8 
yellow units. 

JOHN HARRY, 
Agent for Che Applicants. 
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25 We, The Distillers Company Limited, 
a British Company, of 12, TorpMohen Street, 
Edinburgh 3, Scotland^ do hereby declare 
this invention to be described in the following 
statement: — 

30 The present invention relates to the puri- 
fication of phenols and in particular to the 
purification of phenol derived from cumene. 

The production of phenol by the oxidation 
of cumene and the decomposition of the 

35 resulting hydroperoxide is well known. The 
phenol produced in this process can be puri- 
fied by conventional methods to a degree 
which satisfies the exacting requirements of 
the British Standard Specification and of the 

40 U.S. Pharmacopeia. However, some samples 
of phenol produced in this way, while con- 
forming to these specifications, still contain 
impurities which render then unsuitable for 
certain purposes. For instance, it has been 

45 found that some samples of highly purified 
phenol give an undesirable colour when sub- 
jected to chlorination; particularly to the 
mono and penta-chlorphenols. Another im- 
portant application of phenol is in the imanu- 

50 facture of synthetic tannins, which involves 
the sulphonation of the phenol, and it has 
been found that some samples of highly puri- 
fied phenol jgive an undesirable colour when 
subjected to sulphonation, which makes them 

55 unsuitable for such application. 

Various methods have been used in attempts 
to remove from the phenol contaminants such 
as those which cause colour formation on 
chlorination and/or sulphonation. Fractional 

60 distillation of the phenol usually results in 
some improvement, but the phenol still gives 
surficient colour on chlorination and/or sul- 
phonation to render it unsuitable for these 
uses. Similarly, hydroextractive distillation of 

65 the phenol followed by fractional distillation 
does not always remove all of the colour- 
producing impurities. Other methods which 
have been tried include heat treatment of 
the phenol, for instance at 300° to 350° C, 

70 but this has been found to result in substan- 
tially increased colour formation when the 



phenol is subsequently chlorinated. If the heat- 
treatment is followed by a fractional distil- 
lation step some purification is achieved but 
the phenol still gives sufficient colour on 
chlorination and/or sulphonation to render it 
unsuitable for applications involving such 
treatments. 

According to the present invention the 
process for the purification of phenol pro- 
duced by the decomposition of cumene hydro- 
peroxide comprises contacting the phenol in 
the liquid phase with a surface-active earth 
at an elevated temperature; separating, by 
d i sti l ling the phenol in the presence of water, 
an overhead fraction containing materials boil- 
ing below the boiling point of the phenol/ 
water azeotrope, and an aqueous phenol frac- 
tion^ and recovering from the aqueous phenol 
fraction, phenol substantially free from 
materials boiling higher than the phenol/water 
azeotrope. 

The starting material for the process of the 
present invention may be crude phenol, pro- 
duced by the decomposition of cumene hydro- 
peroxide, or phenol which has already been 
purified to a degree which satisfies the re- 
quirements of the British Standard Specifica- 
tion and/or the U.S. Pharmacopeia, but still 
contains trace impurities which cannot be 
removed by prior art methods. It is preferred 
to use as the starting material phenol from 
which most of the lower boiling materials, 
such as acetone, cumene, and «-methylstyrene, 
and/or most of the higher boiling materials 
such as aoetophenone and phenyl and dimethyl 
carbinol have been removed, for instance by 
fractional distillation of the washed and neu- 
tralised decomposition reaction product. The 
starting material may be either in the dry 
state or it may be diluted with water, which 
enables it to be pumped at ordinary tempera- 
tures as a liquid and avoids soh'dirlcation on 
cold surfaces. 

The surface-active earths which it is pre- 
ferred to use in the liquid phase treatment 
according to the present invention' are the 
montmorillonitesj also known as Fullers' 
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Earths, bentonites, Florida Earths and atta- 
pulgites. They are preferably used in the acid- 
activated stare, although non-acioVactivated 
earths, or earths which have been activated 

5 by alkali or heat-treatment may also be used. 
As examples of such surface-active earths 
available commercially which are acid- 
activated may be mentioned FE 237 and SW 
237, Fulmont 500, Fulmont 711 and Fulmont 

10 800 (Fullers' Earths) marketed by the Fullers' 
Earth Union Ltd. Redhili, Surrey. Also 
marketed by the Fullers' Earth Union is Ful- 
bent 182, an alkali-treated earth or bentonite. 
Surface-active earths which have been acti- 

13 vated by heat-treatment include Florex XXF 
(A Fullers' Earth) marketed by the Floridin 
Company, U.SJL Attapulgus 50— 248— 52A 
and 50—248 — 52C (attapulgites) marketed by 
the Attapulgus Clay Company, U.S.A. Other 

20 types of surface-active earths which, when 
acid treated, may be used are kieselguhr and 
talc although these are less effective than the 
montmorillonites. 
The amount of surface-active earth used in 

25 the process may be varied between wide limits, 
for instance between about 0.1 and 10% by 
weight based on the weight of phenol. 

The temperatures which may be used in the 
liquid phase treatment will normally lie in 

SO the range 40° to 182° C, that is between the 
melting-point and boiling point of pure phenol 
at atmospheric pressure. Higher or lower tem- 
peratures may be used if desired, for instance 
by operating the system under increased or 

35 reduced pressures, or by the addition of a 
suitable solvent for phenol for instance aro- 
matic hydrocarbons such as cumene. It is 
preferred to operate between about 98° C. and 
182° C. at atmospheric pressure. The length 

40 of time over which the treatment may be 
applied may vary within wide limits. Periods 
of about 5 to 30 minutes have been found 
Co be suitable, but longer or shorter periods 
may be used if desired. In general the longer 

45 times are aised with the lower temperatures, 
and vice versa. 

The liquid phase treatment according to the 
present invention may be carried out in a 
batchwise or continuous manner. In the former 

50 case the process is preferably carried out in a 
well-agitated vessel to ensure mixing and effi- 
cient contacting of the earth with the liquid 
phenol. The treatment may be repeated if 
desired using a fresh sample of surface-active 

55 earth, in the case of ihighly conlsuninated 
phenols. Alternatively, the phenol may be 
made to flow over a fixed or moving bed of 
the surface-active earth. 
The separation, by distillation of the sur- 

60 face-active earth-treated phenol in the presence 
of water, of an overhead fraction may be 
carried out in any suitable manner, for in- 
stance by mixing with the phenol sufficient 
water to enable the mixture or solution to be 

65 refluxed in- a kettle under an efficient distil* 



lation column with the kettle temperature 
below that at which phenol boils at the pre- 
vailing pressure, i.e. within the range 100° — 
180° at 760 mm., taking off an overhead 
fraction containing materials boiling below 70 
the boiling point of the phenol/water azeo- 
trope and withdrawing aqueous phenol from 
the kettle. Alternatively, a solution of mix- 
ture of water and phenol may be fed con- 
tinuously into a column up which a similar 75 
mixture or solution is refiuxing, and portions 
withdrawn from die reflux and from the lower 
part of the column in such a manner as to 
keep the overall volume of liquid in the 
column constant and to remove at the head 80 
any steam-volatile impurities. 

The aqueous phenol remaining after sep- 
aration of the overhead fraction may be 
treated for £he recovery of phenol substan- 
tially free from higher boiling materials in 85 
any suitable manner, for instance by dis- 
tillation^ fractional crystallisation or adsorp- 
tion methods. However, it is preferred to re- 
cover the phenol by fractional distillation. 
Preferably the wet phenol fraction is first f0 
dehydrated, either continuously or in a batch- 
wise manner, by distilling off the water as an 
azeotrope with some of the phenol, and the 
rest of the phenol is then taken off as an 
overhead fraction leaving higher boiling 95 
"materials as residue. In an alternative method 
all of .the phenol and water are removed to- 
gether as- overhead distillate. 

The following examples are given further 
to illustrate the process of the present inven- 100 
tion. In the examples the colour of the samples 
of chlorinated and sulphonated phenol was 
measured on a Lovibond Tintometer using a 
1 cm. cell. 

Example 1. 105 
A sample of phenol, produced by the de- 
composition of cumene hydroperoxide, was 
found to have a colour index on chloTination 
under standard conditions to the monochlor- 
phenol stage, of 72 red units, and a colour 110 
index on sulphonation under standard condi- 
tions of 80 red units. The phenol was shaken 
at the boiling point (182° C.) with 5% by 
weight of an acid Fullers' Earth (Grade SW 
237) for ten minutes. The Fullers' Earth was 115 
filtered off and the filtered phenol was re- 
fluxed through a 40-plate Oldershaw column 
with 20% by weight of water for 19 hours, 
after which a small quantity of distillate was 
taken off at a high reflux ratio. The aqueous 120 
phenol obtained from the base of this column 
was dehydrated by distillation of the water/ 
phenol azeotrope through a 20-plate Older- 
shaw column, after which the dried phenol 
was distilled off overhead leaving the higher 125 
boiling materials in the kettle. On chlorina- 
tion-^under the standard conditions to the 
monochlorphenol stage, this phenol had a 
colour index of 0.5 red units, and on sul- 
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phonation under the standard conditions a 
colour index of 2.8 red units. 

Example 2. 
The process described in Example 1 was 
5 repeated using an alkaline Fullers' Earth (Ful- 
bent 182). The product phenol had a chlorin- 
ation colour index of 1 red unit, and a sul- 
phonation colour index of 4.3 red units. 

Example 3. 

10 The process described in Example 1 was 
repeated on a different sample of phenol pro- 
duced by the decomposition of cumene hydro- 
peroxide. The untreated phenol had a 
chlorination colour index of 16 red units. After 

15 treatment according to the process of the 
present invetion the chlorination colour index 
of the phenol was 0.2 red units. 

Example 4. 
The process described in Example 1 was 

20 repeated on the same sample of phenol, 
except that the phenol was contacted with 
the Fullers' Earth at a temperature of 45 — 
50° C, and for a period of 30 minutes. After 
this treatment the phenol was subjected to 

25 hydro-extractive distillation, dehydration and 
distillation as described in Example 1. The 
chlorination colour index of the final product 
was 6,4 red units. 



Example 5. 

A crude phenol produced by the decomposi- 30 
tion of cumene hydroperoxide, and contain- 
ing about 3.4% of hydrocarbons, mainly 
cumene and a^netbylstyrene, when purified by 
extractive distillation followed by dehydration 
and distillation only, had a chlorination colour 35 
index of 15 red units. A sample of this crude 
phenol was refluxed at 155° C. for ten minutes 
with 5% by weight of an acid Fullers' Earth 
(Grade SW 237). The phenol was then sub- 
jected t to hydro-extractive distillation, de- 40 
hydration and distillation as described in 
Example 1. The final product phenol had a 
chlorination colour index of about one red 
unit. 

By way of comparison with the above 45 
examples, a further sample of the phenol used 
in Example 1 was refluxed at 182° C. with 
5% by weight of Fullers' Earth (Grade SW 
237) for ten minutes. The Fullers' Earth was 
filtered off, and the phenol was then fraction- 50 
ated at atmospheric pressure in a 40-plate 
Oldershaw column. After 40% of the phenol 
had been distilled off overhead, the chlorina- 
tion colour index of the distillate then dis- 
tilling was 64 red units. 55 



JOHN HARRY, 
Agent for the Applicants. 



PROVISIONAL SPECIFICATION 
No. 37324, AJD. 1958. 

Purification of Phenol 



We, The Distillers Company Limited, 
a British Company, of 12, Torphiohen Street, 
Edinburgh 3, Scotland, do hereby declare 
this invention to be described' in the following 

60 statement: — 

The present invention relates to the puri- 
fication of phenols and in particular to the 
purification of phenol derived from cumene. 
The production of phenol by the oxidation 

65 of cumene and the decomposition of the result- 
ing hydroperoxide is well known. The phenol 
produced in this process can be purified 1 by 
conventional methods to a degree which satis- 
fies the exacting requirements of the British 

70 Standard Specification and! of the U.S. Pharm- 
acopeia. However, some samples of highly 
purified phenol produced in this way, while 
conforming to these specifications, still con- 
tain impurities which cause the development 

75 of an undesired colour when the phenol is 
subjected to chlorination, particularly to the 
mono- and penta-chlorphenols, or on sul- 
phonation with concentrated sulphuric acid. 
These impurities are referred to in this speri- 

80 fication as "colour forming impurities 

According to the present invention the 
process for the purification of phenol derived 
from cumene and containing colour forming 
impurities comprises subjecting die phenol 



to conditions which will cause the condensa- 85 
tion of aliphatic a-hydroxy carbonyl com- 
pounds with phenol to form substituted benzo- 
rurans, and separating the phenol from the 
benzofurans. 

The invention is based on the discovery that 90 
the undesired colour which develops when the 
phenol is subjected to chlorination and/or 
sulphonationi is at least partially due to the 
presence of very small quantities of one or 
more substituted benzofurans in the phenol. 95 
It has further been discovered that these sub- 
stituted benzofurans are formed by the con- 
densation of phenol with various precursors of 
which the most important appear to be ali- 
phatic a-hydroxy carbonyl compounds, i.e. 100 
compounds of the formula 

Ri— O-CH— R 2 

Uk 

Ri and R 2 being hydrogen atoms or aJkyl 
groups. Such compounds include hydroxy- 
acetone and acetyl methyl carbinol (acetoin). 105 
Thus it is believed that hydroxyacetone con- 
denses with phenol to form 2-methyl-benzo- 
furan, while acetoin condenses with phenol to 
form 2,3-cUmethylbenzofuran. Chlcrination 
and/ or surphonation colour can also be caused 110 
by the presence in the phenol of other con- 
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densation products, which are not substituted 
benzofurans, also derived from various pre- 
cursors including aliphatic a-hydroxy carbonyl 
compounds, such as hydroxy acetone and 

5 acetoin, as well as compounds such as di acetyl 
and mesityl oxide. It has been found that the 
conditions which will cause the conversion of 
aliphatic a-hydroxy carbonyl compounds to 
substituted benzofurans also result in the 

10 formation of these other colour-forming con- 
densation products, and in the conversion of 
the aliphatic a-hydroxy carbonyl compounds 
in pari; to impurities which are not colour- 
forming. 

15 The precursors of these various colour- 
forming and other impurities are difficultly 
separable from phenol by ordinary fractional 
distillation methods; at the temperatures to 
which the phenol is subjected during fractional 

20 distillation operations, the conversion of the 
precursors takes place to a certain extent in 
the still itself whilst an appreciable part of 
the precursors distirover with the phenol, 
with the result that the phenol fractions ob- 

25 rained are still contaminated. In the process 
of the present invention the precursors . are 
converted to substituted benzofurans, and 
other condensation products, and these are 
all subsequently separated from the phenoL 

30 The starting material for the process of 
the present invention may be crude phenol, 
produced by the decomposition of cumene 
hydroperoxide, or the phenol which has 
already been purified to a degree which satis- 

35 fies the requirements of the British Standard 
Specification and/or the U.S. Pharmacopeia, 
but which still contains traces of colour- 
forming impurities which cannot be removed 
by conventional methods and which may make 

40 the phenol unsuitable for certain applications. 
It is preferred to use as the starting material 
phenol which has been treated, for instance 
by fractional distillation of the washed and 
neutralised decomposition reaction product, 

45 for the removal of most of the lower boiling 
materials, such as acetone, cumene, and *- 
methylstyrene and/or most of the higher- 
boiling materials such as aoetophenone and 
phenyi-dimethyl carbinol. The phenol may be 

50 either in the dry state or it may be diluted 
with water which enables it to be pumped^ at 
ordinary temperatures as a liquid and avoids 
Bolidification on cold surfaces. 
The treatment of the phenol to convert any 

55 a-hydroxy carbinol compound present to a 
substituted benzofuran may be carried out by 
heating the phenol in the liquid or vapour 
phase to an elevated temperature, for instance 
at least 40° C, and preferably between 100° 

60 and 400° C. The process may be carried out 
in the absence of any catalytic agents, or in 
the presence of a catalytically active material 
such as activated alumina; acid; or alkali- 
treated pumice; acidic or basic ion-exchange 

65 resins; mineral acids such as sulphuric acid 



and phosphoric acid especially in the presence 
of iron; and montmorillonite, also known as 
Fullers' Earth, bentonite, Florida Earth, and 
attapulgite. 

In the case of the vapour phase heat treat- 70 
ment according to the process of the inven- 
tion, this may be carried out in any suitable 
manner, for instance by passing the vaporised 
phenol through an unpacked tubs at the 
desired temperature, but it is preferred to 75 
carry out the heat treatment in the presence 
of a catalytically active material such as those 
set out above. If desired the heat treatment 
may be carried out in the presence of catalytic- 
ally active materials when the lower tempera- 80 
cures in the range set forth are used, and in 
the absence of such materials at the higher 
temperatures. Inert diluents may be used if 
desired. The heat treatment is preferably 
carried out in the temperature range 182° 85 
to 400° C. and at atmospheric pressure. Re- 
duced or increased pressures may be employed 
if desired, and reduced pressure may be par- 
ticularly suitable where low temperatures, such 
as 150°— 182° C, are being used. 90 

In the case of the liquid phase heat treat- 
ment according to the process of the inven- 
tion, it is preferred to use a surface-active 
earth such as the montmorillonites, also known 
as Fullers' Earths, bentonites, Florida Earths 95 
and attapulgjtes. They are preferably used in 
the acid-activated state, although non-acid- 
activated earths, or earths which have been 
activated by alkali or heat-treatment may also 
be used. As examples of such surface-active 100 
earths available commercially which are acid- 
activated may be mentioned FE 237 and SW 
237, Fulmont 500, Fulmont 711 and Fulmont 
800 (Fullers' Earths) marketed by the Fullers' 
Earth Union Ltd., RedhiU, Surrey. Also 105 
marketed by the Fullers' Earth Union is Ful- 
bent 182, an alkali-treated earth or bentonite. 
Surface-active earths which have been acti- 
vated by heat-treatment include Florex XXF 
(a Fullers' Earth) marketed by the Floridin 110 
Company, U.S.A., Attapulgus 50— 248— 52A 
and 50—248 — 52C (attapulgites) marketed by 
the Attapulgus Clay Company, U.S.A. Other 
types of surface-active earths which, when acid 
treated, may be used are Ideselguhr and talc 115 
although these are less effective than the mont- 
morillonites. Active charcoal is also an effec- 
tive catalyst in the liquid phase heat treat- 
ment. The amount of catalyst used in the 
liquid phase process may be varied between 120 
wide limits, for instance between 0.1 and 10% 
by weight based on the weight of phenol. The 
temperatures which may be used in the liquid 
phase treatment will normally lie in the range 
40° to 182° C, that is between the melting- 125 
point and boiling point of pure phenol at 
atmospheric pressure. Higher temperatures 
may be used if desired, for instance by operat- 
ing the system under increased pressures. 
Reduced pressures may also be used. It is 130 
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preferred to operate between about 100° and 
182° G, at atmospheric pressure. If desired 
the treatment may be carried out in the pre- 
sence of a suitable solvent for phenol for in- 

5 stance aromatic hydrocarbons such as cumene. 
The length of time over which the treatment 
may be applied may varv within wide limits. 
Periods of about 5 to 30 minutes have been 
found to be suitable, but longer or shorter 

10 periods may be used if desired. In general 
the longer times are used with the lower tem- 
peratures, and vice-versa. The liquid phase 
treatment may be carried out in a batchwise 
or continuous manner. In the former case the 

15 process is preferably carried out in a well 
agitated vessel to ensure mixin g and 1 efficient 
contacting of the earth witb the liquid phenol. 
The treatment may be repeated if desired 
using a fresh sample of surface-active earth, 

20 in the case of highly contaminated 1 phenols. 
Alternatively, the phenol may be made to flow 
aver a fixed or moving bed of the surface- 
active ea£h. 
After the phenol has been subjected to con- 

25 ditions which wiM cause the condensation; of 
the aliphatic a-hydroxy carbonyl compound 
with phenol to substituted benzofurans, the 
phenol is separated from the benzofurans and 
from the other impurities which have been 

30 formed at the same time. This may be carried 
out in any suitable manner using distillation 
or extraction techniques, but dt is preferred 
to subject the phenol to extractive distillation 
in the presence of water, for instance by mix- 

35 ing with the phenol sufficient water to enable 
the mixture or solution to be refluxed in a 
kettle under an efficient distillation column 
with the kettle temperature below that at 
which phenol boils at the prevailing pressure, 

40 i.e. within the range 100—180° at 760 mm., 
taking off an overhead fraction containing 
materials entrained by the phenol/water azeo- 
trope and withdrawing aqueous phenol from 
the kettle. Alternatively, a solution or mixture 

45 of water and phenol may be fed continuously 
into a column up which a similar mixture 
or solution is refiuxing, and portions with- 
drawn from the reflux and from the lower 
part of the column in such a manner as to 

50 keep the overall volume of liquid in the 
column constant and to remove at the head 
the impurities entrained by the aqueous 
vapours. 

The aqueous phenol remaining after separ- 
55 ation of the overhead fraction may be treated 
for the recovery of phenol substantially free 
from higher boiling materials in any suitable 
manner, for instance by distillation, fractional 
crystallisation on or adsorption methods. 
60 However, it is preferred to recover the phenol 
by fractional distillation. Preferably the wet 
phenol fraction is first dehydrated^ either con- 
tinuously or in a batchwise manner, by dis- 
tilling off the water as an azeotrope with some 
65 of the phenol, and the rest of the phenol is 



then taken off as an overhead fraction leaving 
higher boiling materials as residue. In an 
alternative method all of the phenol and water 
are removed together as overhead distillate. 

The following examples are given further 70 
to illustrate the process of the invention. In 
the examples the presence of hydroxy acetone 
was ascertained by the preparation of an 
osazone with 2,4-dinitrophenylhydrazine, and 
2-memylbenzofuran was estimated by gas 75 
phase chromatography and/or by spectro- 
scopic methods. 

Example 1. 
A crude concentrate of 75% cumene hydro- 
peroxide, obtained by the oxidation of cumene 80 
followed by the removal of the unreacted 
hydrocarbons by flash distillation was decom- 
posed by adding it to the product of its own 
cltavage containing 0.4% of concentrated sul- 
phuric acid at 85° C. The final product was 85 
neutralized with aqueous sodium carbonate 
and distilled to give a lower fraction com- 
prising acetone, water and a fraction compris- 
ing crude phenol. The phenol fraction was 
found to contain about 0.35% of hydroxy- 90 
acetone. 

The phenol fraction was first subjected to 
a process of hydro^extractive distillation to 
remove all water-strippable material, after 
which it was dehydrated and distilled, the 95 
first fraction of about 10% being discharged. 
The main; phenol fraction passed the B.S.S. 
specification for pure phenol, but it was found 
still to contain 0.02% of hydroxyacetone and 
70 p.pjn. of 2-metbylbenzo£uran. On chlorin- 100 
ation of this phenol to the monochlorphenol 
an objectionable red colour was formed. 

The phenol was then passed over alumina 
at 260° C. at a rate of 1 kg/hr/litre catalyst 
volume. The resulting product was found to 105 
contain- 290 p.p.m. of 2-metiiylbenzofuran, but 
no hydroxyacetone. This product can be 
treated for the removal of the 2-methylbenzo- 
furan by a straight forward extractive dis- 
tillation step in the presence of water, for 110 
instance by refluxing the phenol through a 40- 
plate Oldershaw column with 20% by weight 
of water for about 20 hours, followed by de- 
hydration and distillation. 

Example 2. 115 
A spectroscopically pure sample of cumene 
hydroperoxide was decomposed by adding it 
to the product of its own cleavage contain- 
ing 0.4% concentrated sulphuric acid at 85° 
C. The final product was ineutralised with 120 
aqueous sodium carbonate and distilled to 
give a lower fraction comprising acetone, 
water and a fraction comprising crude phenol. 
The crude phenol contained 0.365% hydroxy 
acetone. 12 5 

A sample of the phenol fraction was re- 
fluxed for 10 minutes over 5% of its weight 
of a Fullers' Earth (Grade 237 SW marketed 
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by The Fullers' Earth Union Limited) and 
filtered free of the earth. 

The Fullers* Earth treated product con- 
tained 1660 p.p.rn. of 2-methyl-benzoruran, 
5 which could be removed by extractive distilla- 
tion in the presence of water as described in 
Example 1. 

Example 3. 
A crude concentrate of 75% cumene hydro- 

10 peroxide, obtained from . the oxidation of 
cumene followed by -the removal of the un- 
reacted hydrocarbons by flash distillation, 
was decomposed as described in Example 1, 
and the product was distilled to give a crude 

15 phenol fraction, containing about 0.36% 
hydroxy acetone, but less than 1 p.p.m. of 
2-methyl-benzofuran. 

After standing for several months in metal 
containers the phenol fraction was found to 

20 contain about 300 p.p.m. of 2-methyl-benzo- 
furan, This phenol was treated by passing 
over a Fullers' Earth (Grade 3H2, marketed 
by The Fullers' Earth Union Limited) in 
the vapour phase at 190—194° C. The pro- 

25 duct contained over 1000 p.p.m. of 2-methyl- 
benzofuran, which could then be removed by 
extractive distillation in the presence of water 
as described in Example 1. 

Example 4. 

30 A sample of phenol obtained by the oxida- 
tion of cumene and the decomposition of the 
resulting hydroperoxide, was extractively dis- 
tilled in the presence of water, dehydrated and 
distilled to -give a product which had an in- 

35 tense red colour on sulphonation (absorbing 



at 5040 A) which was not due to the presence 
of either hydroxyacetone _ (5140 A) or 2- 
methyl-benzofuran (4860 A). 

A sample of this phenol was treated by a 
process for converting hydroxyacetone into 40 
2-methyl-benzofuran, by vapour phase heat- 
treatment over a Fullers 1 Earth catalyst (Grade 
249 SW 3 Fullers' Earth Union Limited) at 
192 — 194° and was subsequently subjected 
to extractive distillation in the presence of 45 
water followed by fractionation. On sulphona- 
tion of the resulting phenol, the product had 
a colour which was ten times less intense than 
the original sulphonation colour, and was no 
longer objectionable. 50 

In contrast with the above examples the 
following experiment illustrates the difficulty 
of purifying phenol contaminated in this way 
by straight forward distillation methods. 

A sample of phenol derived from the oxida- 55 
tion of cumene and the decomposition of the 
resulting hydroperoxide, was subjected to ex- 
tractive distillation in the presence of water 
followed by fractionation, and was found to 
contain 0.02% of hydroxyacetone and 70 60 
p.pjn..of 2-methyl-benzofuran. This sample 
was subjected to a further purification by 
extractive distillation in the presence of water 
followed by fractional distillation. The dis- 
tilled phenol still contained 10 p.p.m. of 2- 65 
methyl-benzofuran. After storing at 60° C. 
in a mild steel vessel in the presence of 0.01% 
of phosphoric acid for 1 month, the amount 
of 2-methyl-benzofuran had increased to 90 
p.pjn. 70 
JOHN HARRY, 
Agent for the Applicants. 
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